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ABSTRACT
Background: Prevention of secondary spinal injury via spinal protection measures is a standard
component of trauma management, and a high-quality spinal clearance process is imperative in
achieving this aim. To evaluate the current practice with a view to achieving best practice, we sought to
examine the spinal clearance process and outcomes at a regional Australian referral hospital, which
services a large geographical catchment area.
Methods: A retrospective review of medical records of all patients with major trauma who presented to
an Australian regional hospital during 2014 was conducted. The primary outcome measure was missed
or delayed diagnosis of spinal injury. Secondary outcome measures included compliance with
internationally accepted spinal clearance process measures, timing and choice of appropriate imaging
modalities, rates of spinal injury and documentation of spinal clearance.
Results: Of the 112 patients with major trauma who met the study eligibility criteria and were
discharged from hospital during the study period from 1 January to 31 December 2014, 11 spinal injuries
were missed or delayed in diagnosis. The injuries occurred in 3.6% of patients and all were
thoracolumbar spine (TLS) injuries. The predominant reasons for missed or delayed diagnosis were
reduced sensitivity of plain X-ray compared with computed tomography for spinal injury screening and
incomplete full spinal imaging to detect non-contiguous fractures.
Conclusion: Evidence-based clinical decision rules are imperative in ascertaining the need for imaging
in the TLS and would be enhanced by an internationally recognised definition of clinical significance
based on injury morphology rather than clinician management decision alone. In addition, regional
hospitals may have limited capacity to achieve spinal clearance, and other trauma quality assurance
standards commensurate with national and international benchmarks without the valuable
performance feedback provided by state trauma registries, as is currently the case in Queensland.
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BACKGROUND
Injuries sustained from major trauma mechanisms have a significant impact on the individual and the
community. Spinal immobilisation for the prevention of secondary injury in the case of suspected
spinal injury has become a routine component of the management of major trauma. The stepwise
process of spinal protection, investigation for potential spinal injury and ultimately cessation of spinal
precautions is known as spinal clearance.1
Prolonged duration of spinal protection measures are associated with known complications, such as
decubitus ulceration2 and deep vein thrombosis.3 Thus, the benefits of spinal protection must
outweigh the risks of these complications. Similarly, the modality of medical imaging chosen must
reflect the balance between the detection of clinically significant injury whilst avoiding unnecessary
radiation exposure.
The majority of evidence for the efficiency and effectiveness of the spinal clearance process has
originated from Level I trauma centres.4,5 The concentration of clinical trauma and imaging expertise in
major trauma centres has allowed timely, consistent screening procedures and definitive management
to be optimised in suspected spinal trauma, resulting in significant reductions in mortality and
morbidity. Regional hospitals, particularly those which service large geographic catchment areas
without a major trauma centre, are required to perform at a similar level of trauma capability, often with
fewer resources available.6 Therefore, regional trauma practice performance should be informed by
regular state trauma registry feedback. In the absence of registry feedback, as is the case since the
closure of the Queensland State Trauma Registry, regional trauma experience needs to be examined
and reported in order to identify issues in aligning with international best practice.
The aim of this study was to review the performance of spinal clearance practice with a view to
improving standards of trauma patient care in a regional Australian referral hospital. We sought to
analyse outcomes with reference to a large Australian trauma database and international experience.
METHODS
A retrospective review of patients with blunt trauma over 14 years of age presenting to a regional
Australian trauma referral centre between 1 January and 31 December 2014 was conducted. The study
institution has 571 beds, including 10 intensive care unit (ICU) beds. It is the regional trauma referral
service for nine satellite health services managing 294 beds, which oversee a primary catchment area
of 141,000 km2 and support a population of 283,197 people. Almost 18,000 patients presented to the
emergency department from 1 July 2014 to 30 April 2015.7 The study hospital is located at a flight
distance of 282 km from the nearest dedicated major trauma centre. Patients meeting major trauma
criteria according to the Victorian State Trauma Registry (VSTR) patient inclusion criteria (Table 1)8 were
included. In addition to the VSTR exclusion criteria, patients were excluded if spinal clearance
procedures were performed at a referring hospital, and/or injury occurred within a health service or
during medical or surgical care. Institutional ethics approval was obtained.
Medical records of patients were reviewed by a multidisciplinary team of five medical officers,
including an intensive care specialist; anaesthetic registrar and orthopaedic, surgical and emergency
residents. Patient data were collected from the emergency department, intensive care and general ward
databases.
The study aimed to assess the instigation of pre-hospital spinal precautions, patient selection criteria
for imaging requirements, appropriate timing and choice of imaging modalities, timing of spinal
clearance or definitive spinal management plans, and rate of missed or delayed diagnosis of spinal
injuries. Study definitions were developed with reference to international standards9,10 and a large
Australian trauma database,6 as presented in Table 2.
Seasonal data were also collected. The wet season in Queensland occurs from October to March,
which receives the majority of the annual rainfall (,80 in.). This renders conditions much more
hazardous than in the dry season, and increases the risk of road trauma and falls. In addition, this
season presents difficulties in road and air ambulance response times due to the treacherous weather
conditions.
Continuous variables are expressed as median and interquartile range (IQR) for non-normally
distributed variables. Categorical variables are presented as frequency and percentage (n(%)). The
findings are presented descriptively. Statistical analyses were performed using STATA version 12.0
(Stata Corporation, TX, USA).
Page 2 of 9
Carter et al. Journal of Emergency Medicine, Trauma & Acute Care 2017:5
RESULTS
Of the 748 trauma patients who presented during the data collection period, 112 (15%) were major
trauma patients and were included in the study sample. Of these, 77 (69%) were male, and the median
age was 45.5 years (IQR: 26.8–61.8, range: 15–94). The occurrence of major trauma was greater during
the wet season (60%), and 17% required admission to the intensive care unit. A significant proportion
of patients presented after hours (43%) and during the weekend (34%) when staffing resources were
limited compared to those available during business hours. The median lengths of stay in hospital and
the intensive care unit were 6 (IQR: 4–9) and 3 (IQR: 2–5) days, respectively. The most prevalent
mechanisms of injury included falls (37%), motor vehicle accidents (25%), motorbike accidents (17%)
and assaults (11%). The high number of falls from less than one metre occurred mostly in the older
population: 86% of these cases were $60 years of age.
Table 2. Study definitions.
Definitions
† Spinal precautions on arrival to hospital included any form of spinal immobilisation measure from minimal
(e.g. soft cervical collar only) to maximal (e.g. rigid cervical collar, head taping and long back-board)
† Clinical examination of the whole spine included documentation of cervical, thoracic and lumbar spine
assessment.
† Basic neurological assessment included Glasgow Coma Scale (GCS), pupillary reflexes, sensation and gross
limb movement.
† The requirement for cervical spine imaging was determined using the National Emergency X-radiography
Utilisation Study (NEXUS) criteria23 and the Canadian C-spine rule24
† Sufficient mechanism to injure the thoracolumbar spine (TLS) included falls .3m, ejection from a motor
vehicle, motorbike accidents, high-velocity mechanisms and pedestrians vs. motor vehicles.11 A bicycle
collision, as per the Canadian C-spine Rule definition of ‘dangerous mechanism,’ was also considered by the
study investigators to be of sufficient force to injure the TLS.24
† The time from radiological clearance to documented spinal clearance was collected for those patients who had
documentation of spinal clearance.
† Missed or delayed diagnosis was defined as a diagnosis of spinal injury after documentation of spinal
clearance during the hospital admission or on first outpatient clinic review after discharge from hospital if the
assessing clinician determined that the injury was directly related to the original trauma. The rate of missed or
delayed spinal injury is reported as the number of patients with missed or delayed diagnosis as a proportion of
total study population.
† Clinical significance for cervical spine injuries was determined using the definition employed by Hoffman et al.23
As there is no internationally recognised definition of clinically significant TLS injuries, we adopted the
definition suggested by Inaba et al.,11 as injuries requiring orthotic or operative management.
Table 1. Victorian State Trauma Registry patient inclusion and exclusion criteria for major trauma.6
Inclusion criteria
1. All deaths after injury
2. All patients admitted to an ICU or high-dependency area for more than 24 h and mechanically ventilated
after admission
3. Significant injury to two or more ISS body regions (an AIS of 2 or more in two or more body regions) or an ISS.12
4. Urgent surgery for intra-cranial, intra-thoracic or intra-abdominal injury, or fixation of pelvic or spinal fractures
5. Electrical injuries, drowning and asphyxia patients admitted to an ICU and having mechanical ventilation for
longer than 24 h
6. All patients with injury as their principal diagnosis whose length of stay is three days or more – unless they meet
exclusion criteria
7. All patients with injury as their principal diagnosis transferred to or received from another health service for
further emergency care or admitted to a high dependency area – unless they meet exclusion criteria
Exclusion criteria
1. Isolated fractured neck of femur
2. Isolated upper limb joint dislocation, shoulder girdle dislocation (unless associated with vascular compromise)
and toe/foot/knee joint dislocation – unless meets inclusion criteria 1, 2 or 4
3. Isolated closed limb fractures only (e.g. fractured femur, Colles’ fracture) – unless meets inclusion criteria 1, 2 or 4
4. Isolated injuries distal to the wrist and ankle only (e.g. finger amputations) – unless meets inclusion criteria
1, 2 or 4
5. Soft-tissue injuries only (e.g. tendon and nerve injury and uncomplicated skin injuries) – unless meets inclusion
criteria 1, 2 or 4
6. Burns to ,10% of the body – unless meets inclusion criteria 1, 2 or 4
7. Isolated eyeball injury
ISS ¼ Injury Severity Score; AIS ¼ Abbreviated Injury Scale.
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An unexpectedly high proportion of patients with major trauma (34.8%) presented without spinal
precautions in place. After presentation to the emergency department, there were 40% of patients who
did not have documented examination of the entire spine (cervical, thoracic and lumbar); however
91.9% had a basic neurological examination documented. The median time from triage to first imaging
of the spine was 60 minutes (IQR: 34–113). Of the patients who had any spinal fracture diagnosed, only
53.7% went on to have complete imaging of the spine to assess for non-contiguous fractures.
The median time from radiological clearance to documented spinal clearance was 162.5 minutes
(IQR: 63–834.5) (Table 3).
Cervical spine
Almost all patients (n ¼ 107 (95.5%)) met the criteria for cervical spine imaging; however, 29.9% were
clinically cleared without imaging (Table 4). A total of 17 patients (16%) underwent cervical plain
radiographs as first-line imaging, whereas 65 patients underwent CT imaging. There were 10 patients
with cervical spine injury, identified on CT imaging in four cases, and on MRI in six cases. In less than
half of the cases (47.3%), cervical spine clearance or an injury management plan was documented by
the treating medical staff; however, cervical spine clearance within 24 hours of presentation occurred in
96% of cases. There were no cervical spine injuries missed or delayed in diagnosis.
Thoracolumbar spine
The mechanism of injury was considered to be high risk for thoracolumbar spine (TLS) injury11 in 91
patients (81.3%); however, documentation of spinal assessment was present in only 61 (67%) patients.
One-fourth (25%) of these patients had an altered conscious state (GCS , 15), of whom 35% were
cleared clinically without imaging. There were 31 patients with thoracolumbar injuries detected on CT
imaging, and an additional four patients had missed thoracolumbar injuries. Thoracolumbar spinal
clearance or a thoracolumbar injury management plan was documented by medical staff in only 31.3%
of cases. However, the majority of patients (91.4%) had thoracolumbar clearance within 72 h of
presentation.
There were 11 missed TLS injuries in four patients, none of which required orthotic or operative
management. The reasons for missed or delayed diagnosis are presented in Table 5.
DISCUSSION
This study identified 11 spinal injuries (in four patients), which were missed or delayed in diagnosis
within the sample of 112 major trauma patients presenting to our Australian regional hospital over the
12-month study period. This results in a missed or delayed injury rate of 3.6%. However, according to
Table 3. Baseline demographic, clinical and length of stay characteristics (n(%) unless otherwise
stated).
Factor Findings (n ¼ 112)
Male sex 77 (69%)
Age (years: median and IQR) 45.5 (26.8–61.8)
Age range (years) 15–94
Presentations outside business hours 48 (43%)
Weekend presentations 38 (34%)
Wet season admissions 67 (60%)
Transferred to another facility 9 (8%)
ICU admission 19 (17%)
Hospital LOS (days: median, IQR) 6.0 (1–74)
ICU LOS (days: median, IQR) 5 (1–16)
Mechanism of injury
MVA 25 (22%)
Falls , 1m (age .60 years) 19 (17%)
, 1m (age ,60 years) 3 (2.7%)
. 1m 19 (17%)
MBA 19 (17%)
Assault 12 (11%)
Cyclist or pedestrian 7 (6%)
Other 8 (7%)
Business hours ¼ 0800–1800 h; wet season ¼ October to April; ICU ¼ intensive care unit; LOS ¼ length of stay; MVA ¼ motor vehicle
accident; MBA ¼ motorbike accident; other ¼ hanging, diving, impacted by object, horse-related, helicopter accident.
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the very limited pre-determined criteria for clinical significance for TLS injuries (requiring TLS orthoses
or surgical fixation), these injuries would be categorised as not clinically significant. As this definition is
based on individual clinician decision, rather than injury morphology, the reliability of the definition
is dependent on the experience and preferences of the treating clinician and therefore has limited
reproducibility. Conversely, a definition based on radiographically demonstrated injury morphology
is objective and highly reproducible. The development of a reliable definition is imperative to direct
the appropriate categorisation and subsequent management of thoracolumbar injuries.
Table 4. Spinal clearance process measures (n ¼ 112).
Process Findings
Spinal precautions in situ on arrival to ED 73 (65.2%)
Documented clinical examination of whole spine 65 (58.0%)
Documented basic neurological examination 103 (91.9%)
Cervical spine
(a) Imaging indicated 107 (95.5%)
(b) Clinical clearance without imaging in patients who
met criteria for imaging (n ¼ 107)
32 (29.9%)
(c) X-ray cervical spine (n ¼ 107) 17 (15.9%)
(d) Acute injury on cervical spine CT (n ¼ 65) 4 (6.2%)
(e) MRI cervical spine 7
(f) MRI-detected injury not reported on CT 6
Thoracolumbar spine
(a) Mechanism of injury consistent with TLS injury 91 (81.3%)
(b) Any documentation of TLS assessment (n ¼ 91) 61 (67.0%)
(c) Altered conscious state (GCS , 15) (n ¼ 91) 23 (25.3%)
(d) Clinical clearance without imaging in patients with
altered conscious state (n ¼ 23)
8 (34.8%)
(e) X-ray TLS in patients with altered conscious state (n ¼ 23) 2 (8.7%)
(f) Acute injury on TLS CT (n ¼ 65) 31 (47.7%)
(g) Acute TLS injury overall (n ¼ 112) 31 (27.6%)
MRI
(a) MRI 7
(b) Detection of new clinically significant injury 5
Time from ED triage to first imaging of spine (median minutes (IQR)) 60.0 (34–113)
Time from radiology report to documented spinal
clearance (median minutes (IQR))
162.5 (63–834.5)
Full spinal imaging if any spinal fracture found 22/41 (53.7%)
Documentation
Cervical spine clearance or plan documented by medical staff 53/112 (47.3%)
TLS clearance or plan documented by medical staff 35/112 (31.3%)
Cervical spine clearance within 24 h of ED triage (n ¼ 51) 51/53 (96.2%)
TLS clearance within 72 h of ED triage 32/35 (91.4%)
ED ¼ Emergency Department; MRI ¼ magnetic resonance imaging; TLS ¼ thoracolumbar spine; GCS ¼ Glasgow Coma Scale.
Table 5. Missed injuries.
Patient no. Mechanism of injury Missed injuries Reason for missed/delayed diagnosis
4 High-speed
MVA rollover
L1, L2 superior
end plate #s
Plain X-ray lumbar spine reported as normal.
CT diagnosed #s
36 MBA L2-5 transverse
process #s
Plain X-ray lumbar spine reported as normal.
CT diagnosed #s
53 Quad bike
accident
T6-7 transverse process
#s and small
paravertebral
haematoma
Plain X-ray thoracolumbar reported as normal.
Persistent thoracic spine pain reported in
outpatient clinic 1 week post-hospital
discharge – #s diagnosed on CT
57 Fall ,1m T8 crush # and
paravertebral
haematoma
Difficult historian, thoracolumbar pain reported,
CT lumbar spine only ordered in ED.
Persistent back pain misdiagnosed
as herpes zoster. CT thoracic spine
6 days later revealed#
MVA ¼ motor vehicle accident; L ¼ lumbar; # ¼ fracture: MBA ¼ motorbike accident; T ¼ thoracic.
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The thoracolumbar injuries that were missed or delayed in diagnosis in our study were due to issues
of reduced sensitivity of X-ray compared with computed tomography (CT), and/or incomplete full spinal
imaging for the detection of non-contiguous spinal fractures. We also identified areas where
performance was suboptimal in comparison with accepted international benchmarks for major
trauma,9,12,13 including documentation of clinical examination findings, and spinal clearance or injury
management plans. Documentation of spinal clearance or injury management plan was sporadic, with
between only half (cervical spine) and one-third (TLS) of cases formally documented. Reasons for this
may include a perception of low clinical importance for spinal clearance and a reliance on verbal
communication between health professionals. However, for those patients for whom documentation
was completed, nearly all had this conducted within acceptable time frames.
While definitive trauma imaging time-frame recommendations are generally lacking, shorter time to
initial CT imaging in trauma patients is associated with improved outcomes.14,15 Our findings indicated
a median time to initial spinal imaging of 60 minutes compared with an Australian Level I trauma
centre, which reported a corresponding figure of 76 minutes.14
The phenomenon of non-contiguous spinal fractures is well established16,17 and reported to occur in
20% of patients with trauma.5 However, this knowledge has not translated into practice at our
institution, with only half of our patients with spinal fracture progressing to complete imaging of the
entire spine.
The main outcome measure of our study, and arguably the most clinically relevant for spinal
clearance practice, is the rate of missed or delayed diagnosis of injuries. Missed or delayed diagnosis
of cervical spine injuries has been reported in the literature as occurring in 5–20% of blunt trauma
patients;4 however, these studies were conducted in an era when plain X-rays were the dominant form
of imaging.
It has been suggested that the use of plain X-rays for spinal injury screening is inadequate in the
trauma population. A 2005 meta-analysis comparing plain films to CT for the evaluation of the cervical
spine in trauma showed that pooled sensitivity for plain radiography was 52%, whereas for CT it was
98%.18 In addition, the most recent Eastern Association for the Surgery of Trauma (EAST) clinical
practice guidelines for the screening of thoracolumbar injuries also now recommend the use of
multi-detector CT imaging for screening and diagnosis of thoracolumbar injuries.12
CT imaging, however, delivers significant radiation doses and should be used only after risk–benefit
analysis is undertaken for each individual patient. In particular, the younger population has an
increased lifetime cancer risk with medical radiation exposure.19 Trauma patients are a high-risk group
for excessive and potentially unnecessary radiation exposure due to scanning spinal regions
separately at different time points with overlap of regions previously examined, and repeating imaging
when patients move between institutions or between medical teams.
Ideally, all clinically significant injuries are detected with a minimum radiation exposure; however, as
aforementioned, there is some conjecture regarding the lack of a robust definition of clinical
significance in the TLS. The definition proposed by Inaba et al.,11 and adopted for our study, is one
which requires a high degree of injury. Inaba’s definition of clinical significance for the group’s
multicentre prospective observational study of 3065 patients with trauma who underwent CT imaging
for suspected acute thoracolumbar trauma was “Fractures were deemed clinically significant if the
injury required either a TL-spine orthosis or surgical stabilisation”. This would suggest a high degree of
injury, which has the potential to result in spinal cord compromise. However, the decision to apply an
orthosis or to operatively manage an injury is subjective and not comparable between institutions,
thereby lacking reliability. Whilst one spine surgeon may apply an orthotic device to treat an injury,
another may ‘clear’ the spine of serious injury, for example. Also, labelling all other TLS injuries as not
clinically significant, even if they result in significant patient morbidity; for example, acute pain and risk
of chronic pain syndromes and restricted range of movement, implies that on a risk versus benefit
basis, it is clinically acceptable not to detect them. Defining clinical significance for TLS injuries largely
informs the debate on choice of imaging modality and justified radiation exposure, for example, plain
X-ray may miss an isolated TLS transverse process fracture but will save the patient from unnecessary
CT imaging.
Imaging decision-making for the TLS must start with a thorough clinical examination. This includes
an assessment of the patient’s conscious state and a decision as to whether he/she is evaluable or not,
as is a fundamental component of accepted cervical spine decision rules. However, in a recent
prospective observational study of 3065 patients undergoing TLS imaging in 13 participating centres,
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Inaba et al.,11 demonstrated that clinical examination alone is insufficient to determine the need for
imaging of the TLS11 and that the addition of a clinical decision rule incorporating age and high-risk
mechanism of injury (Figure 1) improved the sensitivity for detecting clinically significant TLS injury from
78.4 to 98.9%. In Inaba’s study, patients with neurological deficit due to cervical spine fractures were
excluded; however, concomitant spinal fractures without neurological deficit were not mentioned as
included in the regression analyses. This variable may need to be considered in order for Inaba’s
clinical decision rule to become widely accepted.
Cason et al.,20 conducted a prospective study of 950 patients with blunt trauma, all of whom
underwent clinical and radiographic assessment of the thoracolumbar spine to assess the relationship
between distracting injury and clinical assessment. There were 601 patients (63%) with negative
clinical examination findings, of whom 20 (3.3%) had missed injuries detected on CT imaging. Five of
these missed injuries were managed in thoracolumbar spinal orthoses, and were therefore categorised
as clinically significant. However, no formal definition of clinical significance was used in the study;
hence, subjective clinician management decision, rather than objective injury morphology, dictated the
definition. Additionally, as all patients underwent imaging in this study, there was no no clinical
decision rule used to direct the need for radiographic imaging, and compliance with documentation of
clearance or management plan was not measured. Interestingly, however, the CT images were
reformatted from chest, abdominal and pelvic CT images, thereby minimising the radiation exposure
which may have occurred if separate TLS imaging was obtained.
In our study, 35% of patients were in the category of high-risk mechanism for TLS injury and with an
altered conscious state, who were cleared clinically without imaging. This may have contributed to the
high rate of missed injuries. We also believe that the paucity of evidence-based TLS imaging decision
rules contributes to clinicians having a lower index of suspicion for TLS injuries in major trauma.
Alert and evaluable?
Positive physical exam?
Pain
Tenderness on palpation
Deformity
Neurologic deficit
Age ≥ 60 years
High risk mechanism?
Fall
Crush injury
MVC with rollover/ejection
Unenclosed vehicle crash
Vehicle vs pedestrian
Imaging not
indicated
Imaging
indicated
No
No
No
Yes
Yes
Yes
No
Yes
Figure 1. Clinical decision rule for determining the requirement for imaging in thoracolumbar trauma, as
suggested by Inaba et al.11
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We found no missed or delayed diagnoses of cervical spine injuries in our study. Optimal
performance in the cervical spine clearance process is likely due to the presence of established
internationally accepted imaging decision rules and cervical spine predominance in the trauma
management literature.
In addition to best practice clinical standards, trauma management performance in regional centres,
such as ours, is influenced by resource allocation. The majority of resources aimed at improvements in
trauma management and outcomes are concentrated in metropolitan major trauma tertiary referral
centres. This approach is underpinned by the philosophy of “the right patient to the right level of care in
the shortest time.”21 Australia has a large geographical footprint and significant catchment areas for
health services such that it is difficult to apply this philosophy to regional, non-trauma hospitals, which
are located at considerable distances from designated trauma centres. These regional centres must
therefore have the capability to manage major trauma at a high level, particularly in the early phase of
patient stabilisation. The spinal clearance process, as an important component of trauma
management, must be consistently robust in order to achieve this level of trauma capability.
Improving the management of trauma in regional centres hinges upon recognising areas of
performance deficit, made possible only by data collection and feedback to treating clinicians.
Established statewide major trauma registries provide support for individual hospitals through
assessment of the quality assurance process along the treatment continuum from pre-hospital
management to discharge. This feedback occurs by the review of all trauma cases in which care has
varied from predefined standards of trauma management or where in-hospital mortality occurs.22 Such
is the case with the Victorian State Trauma Registry, which is jointly funded by the Victorian Department
of Health and Human Services, the State Government of Victoria and the independent Transport
Accident Commission. This comprehensive trauma registry regularly provides feedback on the clinical
performance to trauma hospitals in the state of Victoria and publishes the findings of its trauma
analyses on a frequent basis. Conversely, due to a change in government and a rationalisation of
health funding, the Queensland Trauma Registry closed in 2012. Since the closure of the registry, the
onus for quality assurance in trauma for the state of Queensland has been placed on individual
hospitals. Regional hospitals, in particular, may have limited resources and capacity to achieve quality
assurance standards commensurate with national and international benchmarks.
LIMITATIONS
There were several limitations in our study. First, the small, targeted sample size and subsequent
small number of thoracolumbar injuries limited the analysis such that controlling for confounding
variables in the cases of missed injury was not possible, and the results should be considered in this
context. Second, the use of a strict and clinically relevant definition of ‘missed or delayed’ as an injury
diagnosed after spinal clearance was documented is likely to have resulted in a significant
underestimation of missed or delayed injuries due to the low rates of documentation found. Third, the
potential for measurement bias is inherent in retrospective study designs; however, bias was
minimised through the use of the three prospective institutional databases.
CONCLUSIONS
Patients with major trauma are at a significant risk of thoracolumbar injuries. The process of detecting
these injuries whilst avoiding excessive radiation exposure presents a challenge to the clinician
and would be enhanced through the use of evidence-based clinical decision rules. The detection of
spinal injury should alert clinicians of the possibility of non-contiguous injury, and the need for
subsequent investigation with CT imaging. Finally, prospective trauma registries play an integral part in
providing feedback on trauma care to individual institutions; regional hospitals are at a significant
disadvantage when such registries are unavailable.
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